With mammographic screening, the frequency of diagnosis of stage T1a,bN0M0 breast cancer has increased. Prognosis after locoregional therapy and benefit from adjuvant systemic therapy are poorly defined. We reviewed T1a,bN0M0 breast cancer cases registered in the Surveillance, Epidemiology, and End Results (SEER) Program to investigate the impact of prognostic factors on breast cancer-specific (BCSM) and non-breast cancer-related mortality.
INTRODUCTION
A stage T1a,bN0M0 breast cancer is a stage I breast cancer with a maximum tumor diameter of 1 cm, where T1a is no more than 0.5 cm and T1b is 0.6 to 1.0 cm. 1 The Surveillance, Epidemiology, and End Results (SEER) Program is a network of 14 population-based and three supplemental cancer registries covering approximately 26% of the US population. Between 1990 and 1998, the rate of T1 tumors diagnosed among women aged 50 to 69 years in nine SEER Program registries increased from 143.5/100,000 to 163.5/100,000. 2 Almost two thirds of 171,479 breast cancer cases in the SEER Program between 1996 and 2000 were node negative. 3 The increase in stage I breast cancers has been attributed to mammographic screening. [4] [5] [6] However, the clinical course of T1a,bN0M0 cancer after locoregional therapy alone remains poorly defined. 7 The extent of benefit for patients from adjuvant systemic therapy (ADST) depends largely on their baseline risk of recurrence and risk of dying as a result of other causes. A number of published retrospective reviews, mostly from single institutions, describe heterogeneous relapse-free survival rates for T1a,bN0M0 breast cancer patients, ranging from 87% at 5 years to more than 90% at 10 years. [8] [9] [10] [11] [12] [13] [14] The SEER database does not provide information on recurrence, but it records cause of death. Examining outcome in such a large population-based cohort yields survival results that are likely more accurate than single-institution reports. The only report using SEER data to consider competing causes of death among patients with breast cancer did not specifically examine T1a,bN0M0 cases. 15 To better define the prognosis of patients with T1a,bN0M0 breast cancer and to assist physicians with ADST decisions, we reviewed all T1a,bN0M0 cases registered in the SEER Program from 1988 to 2001 and analyzed their overall survival (OS), breast cancerspecific mortality (BCSM), and probability of death resulting from other causes (considered a competing risk). We also evaluated the associations of patient and disease characteristics with outcome and built nomograms examining breast cancer-specific survival (BCSS) and non-breast cancer-specific survival (non-BCSS; survival from all potential causes of death excluding breast cancer). 
METHODS
Using SEER registry public use data tapes from 12 registries, we identified patients diagnosed with T1a,bN0M0 breast cancer from January 1, 1988 , to December 31, 2001 , and tabulated their characteristics. We excluded patients who were registered but for whom no follow-up data were recorded (Appendix, online only) and patients who had sentinel lymph node biopsy (SLNB). SLNB cases were described only after 1998, and therefore did not have prolonged follow-up. Fifty-six histology codes were represented and collapsed into nine categories by a pathologist (adenocarcinoma not otherwise specified, invasive ductal carcinoma [IDC] , infiltrating lobular carcinoma, medullary, metaplastic, mixed, mucinous, Paget's, and other). SEER surgery codes were changed after 1998. 16, 17 We reviewed and collapsed surgery codes for the primary site into four categories: no surgery, breast-conserving therapy (BCT), mastectomy, and unknown. When we considered whether patients had axillary lymph node (ALN) surgery, we noted inconsistencies between surgical procedure coding and the number of examined ALNs. Therefore, patients recorded as having zero ALNs examined were considered not to have had ALN surgery, and patients with more than zero ALNs examined were considered to have had ALN surgery. Extent of axillary surgery was categorized as either zero, one to five, or six or more ALNs examined at ALN dissection (ALND). We chose six ALNs as a cutoff based on American Joint Committee on Cancer (AJCC) staging recommendations. 1 The SEER Program classifies tumor grade as I (well differentiated), II (moderately differentiated), III (poorly differentiated), and IV (undifferentiated).
Median follow-up was calculated as the median observed survival time among all patients. OS was measured as the time from diagnosis to death, date of last follow-up, or December 21, 2001, if date of last follow-up was after December 21, 2001. We used the Kaplan-Meier product limit method to describe OS and the log-rank test to assess for differences between patient groups.
18, 19 We fitted Cox models to assess the multivariable relationships between patient characteristics and OS. 20 Estrogen receptor (ER) and progesterone receptor (PR) status were recorded only for patients diagnosed after 1990 and were associated with a large number of missing values. Therefore, two Cox proportional hazards models were fitted: one including and one excluding ER/PR. For each model, we tested for pairwise interactions specified a priori; all possible interactions between grade, tumor size, histology, and ER (if present). We used the likelihood ratio test to determine the statistical significance of interaction terms. The proportional hazards assumption was assessed graphically with residual plots and tested according to the method of Grambsch and Therneau. Abbreviations: HR, hazard ratio; IDC, invasive ductal carcinoma; CA, adenocarcinoma not otherwise specified; ILC, infiltrating lobular carcinoma; BCT, breast-conserving therapy; ER, estrogen receptor; PR, progesterone receptor.
We classified cause of death as either breast cancer or another cause. In the analysis of BCSM, deaths from other causes were considered a competing risk. We used the methods described in Gooley et al 22 and Pepe and Mori 23 to estimate probability of death resulting from breast cancer or other causes, and to test for associations between patient characteristics and death resulting from breast cancer. We present the probability of death resulting from breast cancer along with the probability of death resulting from other causes. Note that if the probability of death from another cause is high, then the probability of death from breast cancer must be low because the sum of these two quantities cannot exceed the overall probability of death. The test statistics are based on cumulative weighted differences between the two groups. Differences at earlier time points are given more weight than differences at later time points that have fewer patients because of exclusion. The method of Pepe and Mori only allows for comparisons between two groups and, therefore, race, grade, histology, ALN surgery, and number of ALNs examined (Ͻ 6 or Ն 6) were collapsed. All P values are two sided. On the basis of the large number of univariate tests, only P values less than .0002 were considered statistically significant.
A Cox model with the dichotomized prognostic factors was used to construct nomograms to predict individual patient probabilities of BCSS and non-BCSS at 5 and 10 years. To determine the cause-specific regression analysis through Cox's model, patients with events not related to breast cancer were excluded at their event times. The models were built with age, ER and PR status, grade, T size, and axillary surgery as variables, and the final models include only those variables found to be significantly associated with outcome in these analyses. Age was fitted using restricted cubic splines to relax the linearity assumptions. The nomograms were internally validated by bootstrapping with 500 resamples as a means of calculating a relatively unbiased measure of ability to discriminate between patients as quantified by the concordance index (similar to the area under the receiver operating curve). 24 Subsequently, the predicted probabilities of BCSS and non-BCSS were compared with the actual outcomes using 500 bootstrap resamples to decrease overfit bias.
RESULTS

Overall Survival
A total of 51,246 cases of T1a,bN0M0 breast cancer were eligible for inclusion in this analysis (Appendix, online only), with 39.8% of these cases registered between 1997 and 2001. Table 1 summarizes available patient and tumor characteristics. Median patient age was 65 years. Median tumor size was 8 mm.
Median follow-up for these patients was 64 months (range, 1 to 167 months). The proportion remaining alive at 5 and 10 years was 0.902 (95% CI, 0.899 to 0.905) and 0.759 (95% CI, 0.753 to 0.765), respectively (Fig A1, online only) . Factors associated with prolonged OS included age younger than 50 years at diagnosis, nonAfrican American race, T1a rather than T1b tumors, and positive PR status (Table 1) . Patients who had an ALND had longer OS than those who had no ALN surgery, and OS was longer with greater number of ALNs examined. Table 2 shows results of the two Cox proportional hazards models. Because of missing values, models 1 and 2 include 37,047 and 26,873 observations, respectively. Variables that were significantly associated with OS in the univariate analysis tended to remain significantly associated with OS in the multivariable model. In model 1, a 1-year increase in age at diagnosis was associated with 1.06 times the risk of death. A 1-mm increase in tumor size was associated with 1.02 times the risk of death. Compared with no axillary surgery, ALND with one to five or six or more nodes examined was associated with a reduction in the risk of death by approximately one quarter or one half, respectively. Inference was similar for model 2. In addition, ER-positive disease but not PR-positive disease was associated with significantly decreased risk of death (hazard ratio ϭ 0.76). No interactions were found to be statistically significant in either model.
BCSM and Competing-Risk Analysis
Among the 51,246 cases, there were 1,340 deaths resulting from breast cancer and 5,931 from other causes. Overall, probability of death from breast cancer was significantly lower than that from other causes and increased at a much slower rate (Fig A2, online only) . At 5 and 10 years after diagnosis, probability of death resulting from breast cancer was 0.02 and 0.04, respectively, and probability of death from other causes was 0.08 and 0.20, respectively. The 10 most common causes of death in descending order of frequency were heart disease (n ϭ 1,727), breast cancer, other (n ϭ 633), cerebrovascular diseases (n ϭ 519), cancer of lung/bronchus (n ϭ 375), no cause listed (n ϭ 363), chronic obstructive pulmonary disease (n ϭ 306), pneumonia/influenza, miscellaneous cancer, and diabetes mellitus.
Estimates of probabilities of death from breast cancer and other causes by patient and tumor characteristics are presented in Table 3 . Patients who were less than 50 years of age at diagnosis had a greater probability of death resulting from breast cancer (P ϭ .0005) and a significantly lower probability of death resulting from other causes compared with patients who were 50 years of age or older (P Ͻ .0001; Fig 1A) . Probability of death resulting from breast cancer was similar between patients with a tumor size of 5 mm or less and patients with tumors 6 mm or larger (Fig 1B) . Although patients had similar OS by ER status, patients with ER-negative disease were more likely to die as a result of breast cancer than were those with ER-positive disease, and they were less likely to die as a result of other causes than were those with ER-positive disease (P Ͻ .0001 for both; Fig 1C) . Patients with PR-negative disease were also more likely to die as a result of breast cancer. Those with grade 1 to 2 disease were less likely to die as a result of breast cancer compared with patients with grade 3 to 4 disease, and they were more likely to die as a result of other causes than were patients with grade 3 to 4 disease, consistent with the similar OS of the two groups (Fig 1D) . Patients who received radiation, ALN surgery, or had at least six ALNs examined were less likely to die as a result of breast cancer than were patients who received no radiation, no lymph node surgery, or had fewer than six ALNs examined, respectively. Patients who received BCT, radiation, ALN surgery, or had at least 6 ALNs examined were also less likely to die as a result of non-breast cancer causes.
We stratified by age at diagnosis and analyzed probabilities of death resulting from breast cancer and other causes by patient and tumor characteristics (Table A1 , online only). There were 8,567 patients aged less than 50 years at diagnosis. Among all deaths in this group, there was a statistical trend to more deaths resulting from breast cancer (n ϭ 270) than from other causes (n ϭ 142), and this held across all patient and tumor characteristics. Among 42,679 patients aged at least 50 years at diagnosis, 1,070 patients died from breast cancer and 5,784 patients died from other causes (P Ͻ .0001). In contrast to younger patients, probability of death from breast cancer was significantly lower than that from other causes across all characteristics. Factors that were significantly related to probability of death from breast cancer among both patient groups were tumor grade 3 to 4, ER-/PR-negative disease, and fewer than six ALNs examined (P Յ .0001). Those aged less than 50 years with grade 3 to 4 tumors had a 10-year probability of death resulting from breast cancer of 11%, compared with a 3% probability of death resulting from other causes. For patients at least 50 years of age, the corresponding probabilities of death from breast cancer or from other causes were 6% and 22%, respectively. For those aged less than 50 years with ER-negative tumors, the 10-year probability of breast cancer death was 10% and the probability of death resulting from other causes was 3%, whereas the corresponding probabilities for older patients were 7% and 18%, respectively (Fig 2) .
Nomograms
Because of the limits of the previous statistical analysis in terms of the number of factors that could be analyzed at one time, we constructed nomograms to predict individual patient probability of BCSS and non-BCSS at 5 and 10 years on the basis of multiple patient-and tumor-specific factors (Fig 3A and 3B) . These nomograms allow for easy, simultaneous consideration of prognostic factors and competing risks. They can help physicians identify patients with T1a,bN0M0 breast cancer who may have a poor outcome in terms of BCSS, and who would likely benefit from ADST.
DISCUSSION
We have shown that patients with T1a,bN0M0 breast cancers registered in the SEER Program from 1988 to 2001 had an excellent BCSS. Their 10-year overall mortality rate was 24%, but their 10-year BCSM was only 4%. Thus, these patients had a five-fold higher risk of dying from causes other than breast cancer.
Most published retrospective reviews of outcome in T1a,bN0M0 breast cancer are single-institution experiences and results are heterogeneous. [8] [9] [10] [11] [12] [13] [14] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Outcome reports from population-based cohorts have advantages of much larger patient numbers and results that are likely to be more generally applicable. Although the SEER Program does not provide data about disease recurrence, the recorded cause of death can allow crude cumulative cause-specific probabilities of death based on a competing-risk model to calculate measures of cause-specific mortality. We have used this method of analysis in the current assessment of the SEER data. This provides a better measure of prognosis after breast cancer diagnosis than overall or relative survival, and may be especially helpful when considering the risk:benefit ratio of ADST. We also constructed nomograms allowing comparison for individual patients of predicted BCSS and non-BCSS. Nomograms are extremely useful tools to allow individualization of ADST decisions. 37 To our knowledge, such analyses have not previously been published for T1a,bN0M0 breast cancer. Although the Adjuvant! Online program (http://www.adjuvantonline.com) can be used to determine the risk of BCSS in T1a,bN0M0 cases, it does not make any distinction based on tumor size within this subgroup. 37 Schairer et al 15 were the first group to perform a detailed assessment of breast cancer outcome using a competing-risk model. They analyzed the vital status and cause of death for 430,510 patients with localized, node-negative breast cancer registered from 1973 to 2000 in nine SEER registries and found that probability of death resulting from breast cancer exceeded that resulting from all other causes in patients aged less than 50 years. We similarly found a trend toward higher probability of death resulting from breast cancer than from other causes for patients aged less than 50 years at diagnosis of T1a,bN0M0 breast cancer, and we identified subgroups with adverse features (ER-or PR-negative disease, tumor grade 3 to 4) that are associated with a particularly increased risk of BCSM. Schairer et al 15 also reported increased BCSM for cases with ER-negative disease, but they did not consider tumor grade or PR status in their analysis. Although Schairer et al found that probability of death from breast cancer for patients diagnosed with localized or regional disease (stage I-III by AJCC system 1 ) was significantly greater in African American compared with white patients, this was not the case in our study confined to stage T1a,bN0M0 disease.
In our analysis, characteristics of T1a,bN0M0 disease associated with elevated probability of BCSM included younger age at diagnosis, high tumor grade, and ER-and PR-negative status. This is consistent with the results of multiple retrospective reviews. 8, 9, 25, [28] [29] [30] [31] 33, 38 Our finding that a 1-mm increase in tumor size was associated with 1.02 to 1.03 times the risk of death is consistent with another SEER data analysis that showed increasing crude cumulative death rate from 10% to 25% with increasing tumor size from 3 to 50 mm in node-negative cases. 39 Inadequate ALN assessment (Ͻ 6 nodes examined) resulted in higher probability of death from breast cancer, which is likely caused by understaging in a proportion of these patients. The prognostic importance of number of nodes resected at ALND has similarly been shown in institution-based reviews and in a recent SEER analysis. [40] [41] [42] We further found that patients who did not have breast-conserving therapy, radiation therapy, or inadequate ALN assessment were at a significantly greater risk of death from other causes. This may reflect greater comorbidities in some of these patients that compromised Nomograms to predict probabilities of (A) breast cancer-specific survival and (B) survival from potential causes of death other than breast cancer (non-breast cancer-specific survival) for individual patients at 5 and 10 years after diagnosis of T1a,bN0M0 breast cancer. See Appendix (online only) for instructions and an example. their ability to tolerate optimal locoregional management and increased their risk of non-breast cancer-related death.
There are limitations to our study. Most importantly, information on ADST use is not available in the SEER database. The proportion of patients who received adjuvant chemotherapy or hormonal therapy is unknown, and the BCSS calculated from SEER data may somewhat overestimate the outcome that would be found in an entirely untreated population. Data on tumor recurrence is not provided in the SEER database. However, evidence suggests that the accuracy of cause-of-death coding for cancer patients on death certificates and in SEER is high. [43] [44] [45] [46] Although the range of follow-up is long, the median is only 64 months. Nevertheless, because of the large number of patients available from SEER and the fact that 76% of patients are still at risk at 10 years, we can estimate 10-year survival with a high degree of confidence. Hormone receptor status was not measured in a central laboratory, and is not standardized in the population. Information on some other prognostic factors, such as lymphovascular invasion and human epidermal growth factor 2 (HER-2) status, is unavailable. Our nomograms allow for calculation of the probability of BCSS based on individual characteristics, but they do not consider the extent of comorbidities in the calculation of probability of non-BCSS. The Adjuvant! Online program can be used in conjunction with our nomograms to incorporate comorbidities into the estimation of individual non-BCSS probability.
Our data are derived from a large, population-based cohort and have a number of practical or clinical implications. T1a,bN0M0 cases overall have an excellent prognosis, but the nomograms will help clinicians identify who may be at higher risk of BCSM and assist in ADST decision making. Because most of these patients die as a result of other causes, many of which are at least partly lifestyle related (eg, cardiovascular), a healthy lifestyle and the management of non-breast cancer-related health problems in these patients are important.
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